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1 
The present invention relates fo the concen- 
tration of phosphate minerals from their ores 
and more especially fo an improved double flota- 
tion process. 
In concentrating phosphate minerals from 
their ores of the size between a'bout minus .8 
and about plus 150 mesh by flotation, one 
method heretofore practiced extensively has been 
fo make a pulp of the finely divided phosphate- 
bearing ore in a flotation machine and fo agitate 
the mixture in the presence of a suitable nega- 
tive-ion reagent and frothing material whfle 
bubbling air therethrough. The froth collecting 
at the top of the machine contains a greater pro- 
portion of phosphate minerals and around 3 fo 
10 per cent of siliceous impurities. In this 
method the phosphate particles are rendered 
non-wettable by employing reagents which selec- 
tively coat the phosphate material. Such re- 
agents are usually a fatty acid, an inert off, such 
as fuel off, and caustic soda or a mixture of soap 
and an inert oil. 
Another method of concentrating phosphate 
minerals is of a reverse type, which employs a 
positive-ion reagent, together with suitble 
frothing material, fo selectively render the 
sfliceous gangue non-wettable and hence float- 
able. The fioat is removed as tailing, or waste, 
while the greater proportion of the phosphatic 
concentrate remains in the nonfloated material. 
This process has .been little used because of the 
large amounts of reagents required fo make it 
workable. 
A third method of separating phosphate from 
the siliceous gangue results from combining the 
two steps outlined above. According fo this 
method a dual process is ernployed, whereby the 
phosphates are first roughly concentrated as by 
fiotation with a negativerion reagent fo produce 
a product containing a substantial amount of 
silica, and the rougher phosphatic concentrate, 
after a suitable intermediate treatment, sub- 
jected to the action of a cationic reagent in the 
presence of proper cooperating agents fo float 
ïrom the rougher phosphatic concentrate the 
siliceous impurities contained therein. The 
intermediate treatment between the two concen- 
trating operations of the double flotation process 
consists in agitating the rougher phosphatic 
concentrate, obtained from the first flotation 
step, with a mineral acid, such as sulfuric acid, 
and then removing the dead reagents. The acid 
deadens or removes the charge of the phosphates 
so that they ca.n no longer float, and most of the 
dead negative-ion reagents, such as.soap and fuel 
off, fise fo the surface and may be removed. 

2 
According fo the double flotation method here- 
tofore practiced, the phosphatic concentrate, 
after the intermediate treakment with the min- 
eral acid, is further conditioned for the cationic 
5 reagent treatment. Heretofore it has been the 
practice fo vigorously agitate the rougher phos- 
phatic concentrate with the mineral acid, then 
thoroughly wash, scrub, as by raking, and de- 
slime the concentrate before the treatment 
10 thereof with the positive-ion reagent, such as the 
higher amines or their salts. The underlying 
reason for such a thorough cleaning operation 
has been thought fo be productive of better 
results, since by thoroughly cleaning the silica 
15 particles by agitating vigorously with mineral 
acid, then thoroughly washing fo remove all 
scum and dead reagents, it was thought that the 
silicawould thus be in a condition better to 
receive the effects of the cationic reagent, thus 
20 making it possible not only fo increase the 
amounts of floated silica, but also te decrease 
the amounts of reagents required fo float the 
maximum of silica. In the art of froth-flotation 
it is generally considered fo be good practice to 
25 rid the material to be subjected fo flotation of all 
slimes, scums, and other impurities, the presence 
of which reduces the amounts of floated materia! 
and increases the amounts of reagents required 
fo fioat the mineral. By "silica" is meant the 
30 siliceous impurities, or gangue, usually round 
accompanying phosphate minerals as they exist 
in the natural state. 
I have now discovered that the use of a min- 
eral acid when employed in a proper manner has 
35 the additional function of activating the silica 
contained in the rougher concentrate so as to 
 make it more receptive t.o the effects of the re- 
agents used in the second concentating opera- 
tion, but pursuant to the procedure heretofore 
40 practiced the activation of the silica by the 
mineral acid is destroyed, and thus hot all of 
the functions of the mineral acid are utflized. 
On the other hand, if the activating property 
imparted fo the silica by the mineral acid is 
45 utilized, results far superior fo any heretofore 
chieved in the double flotation process for the 
recovery of. phosphate minerals are obtained. 
I have also round that, whereas according to 
prior practice the addition of the cationic re- 
50 agent occurs in an acidic medium, according fo 
my process good results are obtained on the alka, 
line side, and best results af a definite alkaline 
pI-I range, as hereinafter fo be described. 
I have discovered that the destruction hCetÙl 
65 fore of the activation of the silica by the  mineral 
acid is caused by the vigorous agitation flïvolved 



599,530 

in the mixing of the phosphatic concentrate with 
the mineral acid and in the subsequent vigorous 
washing operations, and that such treatment 
produces results opposite to those desired. The 
activation of the silica by the mineral acid is 5 
perhaps iestr0éd by the abrasiW.ail ulb.ig 
action of one silica particle with another. I bave 
also fod that, whereas herefore better results 
bave been secured by the use of amine salts, such 
as octadecyl amine acetate S tW:ài é 
agent, in my process equally 2:ood ëït :ë 
achieved by the e of either the free amines or 
the salts thereof. 
In order to retain the activation imparted by 
the mineral acid to the silica and to predispqse 15 
the silica to the positive-ion reagën eëht 
I have round that it is essential that 
ment of the rougher phosphatic concentrate 
ith the meral acid and the subsequnt de- 
cAtatih and. hin be carefully qtolfd. 20 
ia rryg out tè invetion, if îs p0ànt 
k t0 esential faer be kept ifi ind: 
 mimum of mixing ánd reagent remYa - 
iAg emploiéd to 5riff Ut cont-act 
ëàl cïd With the Silidà entraihed in thé 
tke; cod, oe he phospat :e n 
tr .With the acid, the sUbsequent 
d shing, reatmg ith the caioic ège o 
fiat he ilià, nd fi0atin àrë àrried 
p6jl fer a fëguiated period 0f c0it0n 30 
g ime, for example, 10 o 20 seds 
 Si!icà i-deàctiated 0n standing ifi Waer. 
Ai0, if, in the. gecond cocentratifig »eratin, 
fi6àihg iS hot begùfl oo àfer mixing .th 
i àgn wlth the oncentt, he Pophät 
' aob  te silia floation êaëfls 0r he ïii 
 dëïaed b -emaini in otct ith 
 6er to effect cleang and Fer 
ih e vigooús ash kfi cbi f h 40 
dflcntate aer trie mêral ac tçamënt, i 
h-àe ei a pëcial r6ess, eeafter 
 n fgtin Wïth a 'igCa¿-á¤id.he 
66ënrate obained.fr0m the fist con6etratg 
pëàion, gittl6h 6f k iSrce umcïeflt eely 
o :mi the. aci With té c0nCètrt 
fiéd out.  the gitai6n i o vigoroùs, the 
giatin bf. the ilïc is greàt!y ïmpaire. Alto, 
i the cntati0n tep and i the asi 
scrubing operations the c6ficentrate 
amëd in  quieceht a taè as possible, While 
ë C and ed rant re l0Wd. 
ëeni0n of th hárge imprted  'té SiiiCa 
Y be mim.al acd produce Such a 
thè sflïca as o bi about Cmai m0difiCa2ns 
i tè-second C0cenïratn opërki, Whic 
Cùè pêrior resuls. Fo example, Whfle ac- 
cording to the prior art, fiotation of the i!ica 
ccurs in an acid medium, according to my. proc- 
ess good reuIts àe achieved on the aalineside, 
a pli of about 7.4 to 8 usually producing the best 
eslts. Moreover, according to the prior method 
the e of amie salts as cationic regei]ts gives 
Uettër results while, in accordance with my proc- 
ess,I 'may use the free amines ad amine salt 
interchangeably as caticnic reagents. Because of 
these/modifications in the .second concentrating 
operation, it is possible to effect a more complete 
sepration of the silica impuritis .from the 
rougher phosphatic concenrate,whereby a silica 
figer_ freer of phosphates and a final ph0sphatic 
concentrate cotming less silica are obtained. 
,.A. çferçe.d em0dmÇrt of. he. invençion is 
lllustrated by the following drawings. 

6O 

4 
Figure 1 is a diagrammatic side elevation, partly 
in section, showing the equipment used in the 
mixing of anionic reagents and phosphatic feed, 
the first fiotation step, the washing operation, 
and the second fiotation step.  
.. F{urè 2 i a plï vie f fie ïnéhism shown 
in Figure 1. 
Figure 3 is a detailed side elevation of the 
ïâshing equipment. 
hë  i : sëtional end elevation of the 
ï :uï, taken on ne -- of Fig- 
ure 3..  
ïorm  Rrt.oï he wshin equipment. 
ïerrin.to the drwins, Rhosphtic ïeed 
 i'ë ih the rst oÏ  series oï mixers 
OY. ens o chute . The netive-ion 
ents, such as  ïtt cid, n inert off, nd 
custc e introduced here!n by mens 
in cells O.are ech Rrovided wth 
Atr stirig 0f the 0r ïth the eês, ë 
i bd, ëh is inr0duced in0 te t .f 
. :él:ie ë oaion Cell 
y bè 0I ah conentional type, nd in tlè 
Dr inlfis 21, Vhîdh ci wiih aïr l{aé 22. 
baes S by._means of pellerS 
tory i6  i'moal :.frS the.l:andë 'through ië 
i: m0ë d r0m e. lande 
dded thëre "throagh 1ïne 
it6 uper vel , wHih 
box. Line 3 is provided with four. out]ë., 
0 k ïo ëfft k niform ditribuïon Of he 
miin afi, iS kff6rded bF m s ndm 
ad wlth e kërial ï aë he haëi- 
:¢ï:. ::e:s,. a.d..o., active, the 
tamçd t.rç.. Ehe ixn: .a-ction in 
nJ : i ,.. alhç sumcienç to-brin: :abOut 
contact, between acid.and phosphatic mate:{al, 
fs .msiët to aëctivate te 8har:e on the 
Si:i.a m.tÇd théf¢0 ' DY 'the inê:'a: cid, .., 
6S ter a suifiable amount of phosphatic slurry 
nt:p.dçÇ into V-ho x 
ço.,:0.yVfiow._çe. da anio:ic .veageats and re- 
miDg inrl. Çcd -but insufficient to ove?- 
70 figW. ÇçY s°!id-matter. The spenç negatiVe-ion 
:eg.&nd te mineral acid are collecd in 
l:uner. and rèmoved to wasfie throffgh 5Ufi- 
let 38..TD¢wsng operationJn V:box 2 re: 
, mpves, roughly :S-per cent of 'the de:ad :reaents 
7 and excess mineral acid. 
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The partially washed phosphtic mater]al then 
passes through outlets 4{}, located at the bottom 
of V-box 32, wh]ch outlets are provided with suit- 
able means 4J, such as pinchcocks or va]res, for 
c]osing the orifices of outlets 41} and thus contro] 
the amount of mater]ai entering the washing tubs 
4§. These washing tubs, as the upper vessel 
are preferab]y V-shaped. The shape of the wash- 
ing boxes, or vesse]s, gives direction to the phos- 
phatic mater]ai and makes possible a funneling of 
the mater]al from one place to another with a 
minimum of agitation. As the phosphatic ma- 
ter]ai enters the washing tubs 45, itis met with 
a counterurrent of clean water introduced 
through inlets 47 (Figure 4), the water coming 
up through the perforated plates 45, wh]ch are 
placed in the bottom of washing boxes 45. Plates 
45 are provided with a large central opening 
surrounded by a number of sma!ler openings. 
The velocity of water entering the wash boxes 
is sufficient to overfiow remaining dead reagents, 
but insufficient to prevent the phosphatic 
ter]al from settling and passing through the 
openings 4B of the perforated plates 45 and 
through outlets 
The phosphatic mater]al fiows into overflow 53, 
where the positive-]on reagents for the fiotation 
of sflica are col]ectively introduced by means of 
line 54, after wh]ch the mater]al is frothed there- 
with in cells 
those emp]oyed in the first concentrating opera- 
tion, namely, cells 2}. Air is introduced into the 
cells by inlets 56 wh]ch connect with air line 57. 
Si]]ca in the form of a froth results from the 
bubbling of air through the cel]s and is gathered 
in ]aunder 6{} and removed through line 6 , whfle 
the depressed phosphatic mater]al is collected at 
As hereinbefore mentioned, the minera] acid 
treatment of the rougher phosphatic concentrate 
not only serves to deaden the effects of the re 
agents emp]oyed to fioat the phosphates from 
phosphatic feed, but also activates the silica 
which remains in the rougher phosphatic con- 
centrate after the first concentrating 0peration, 
and wh]ch it is desired to remove therefrom by 
later flotation step employing reagents of a 
charge opposite to that possessed by the reagents 
used to fioat the phosphates. These positive-]on 
reagents fioat the sflica and depress the phos- 
phares. The power of the positive-]on reagents 
to fioat the silica is enhanced by the preservation 
of the activation imparted to the silica by the 
mineral acid. This activation of the sflica by 
the mineral acid is readily destroyed, and the 
means employed in mixing acid with the rougher 
phosphatic concentrate and in subsequentl.v 
washing the resultant mixture are such as fo ef- 
fect mixin and washin with a minimum of 
agitation, since too much agitation destroys the 
activation of the sflica. Accordin to the inven- 
tion herein described, the washing means are ef- 
fective in washing the rougher phosphatic con- 
centrate and also in preservin the activation of 
the silica. For best results, it is important that 
the washing of the material in the V-box and in 
the washing tubs be carried out as promotly as 
possible, since the sflica tends fo become de- 
activated upon prolonged standing with the water 
in the V-box and wash tubs. 
In order to i11ustrate how silica may be 
activated by means of a mineral acid and sub- 
sequently deactivated by scrubbing, the follow- 
ing examples are given, in wh]ch the silica was 
in the form of minus 35 mesh sand that hàd been 

washed clean of slimes and other impur]ries, and 
the mineral acid was su]fur]c. 
Example I 
5 300 grams of wet sand were treated 'with 0.5 g. 
of 95 per cent sulfuric acid. The mixture of acid 
and sand in a pulp of about 50 per cent s:olids was 
conditioned in a glass jar in wh]ch the sand was 
 hot allowed to come in contact with any metal. 
lo The acid water was then decanted, and the sand 
washed once with clean water. The treated sand 
was then introduced into a laboratory flotation 
cell with 0.5 g. of sodium hydroxide, 0.04 g. of 
ara]ne reagent, and 0.04 g. of B--23 frother (a 
5 product marketed by DuPont consisting of 40-45 
per cent of 2-4 dimethylpentanol-1, 40-45 per 
cent 2-4 dimethylhexanol, and 8-10 per cent of 
unidentified ketones). In this test 209 g. of silica 
were fioated. 
20 Example I1 
300 grams of wet sand were treated with 0.5 
g. of 95 per cent sulfuric acid. The mixture of 
acid and sand in a pulp of about 50 per cent solids 
was conditioned in a glass jar in wh]ch the sand 
z. was hot allowed to come in contact with any 
metal. The acid water was then decanted, and 
the sand washed once with clean water. The 
sand was then scrubbed for rive minutes in a 
.. laboratory mixer and washed once wïth clean 
water. The treated sand. was then introduced 
into the laboratory M. S. cell with 0.5 g. sodium 
hydroxide and 0.4 g. of amine reagent and 0.04 
g. of B-23 frother. In this test only 142 g. of 
silica were floated, as compared with Example I 
in wh]ch no scrubbing or agitation of the silica 
occurred as was the case here. 
Examplv IH 
300 grams of wet sand were introduced into a 
o laboratory M. S. cell with 0.05 g. of sodium hy- 
droxide, 0.04 g. of an amine reagent containing 
î0 per cent primary amines and 30 per cent 
nitriles obtained from double distilled cottonseed 
fatty acids, and 0.04 g. of B-23 frother. In this 
45 test, wherein the acid treatment of sand was 
omitted, only 32 g. of silica were fioated. 
In addition fo observing special conditions in 
the washing step, I have round that, in order to 
achieve best resul, fiotation of the silica in the 
5O second concentrating operation is carried out at 
an alkaline pli. Although a pli range of -8 
produces saisfactory results, still better results 
are obtained at a pli of between V.4 and 8. Ad- 
justment of the pli is effected by means of any 
55 suitable base, such as the hydroxides of the alkali 
metals and of the alkaline earth metals. Sodium 
hydroxide is generally to be preferred for it is 
readily available and consequently cheap. The 
çroper pli range serves to depress the phosphates, 
6O and I bave round that this effect may be en- 
hanced by the addition of starch to the sodium 
hydroxide solution. 
Although sulfuric acid is the preferred mineral 
acid for the preconditioning of the concentrate 
65 prior to the treatment thereof in the second con- 
centrating oloeration, other mineral acids, such 
as hydrochloric acid and ri]tric acid, may be 
employed. Other acid reacting substances, for 
example, acid reacting inorganic salts, such as 
70 sodium acid sulfate, p6tassium acid sulfate, etc., 
may be emloyed. While the effective amounts 
of these latter substances are large, it is hot 
intended fo exclude them from the scope of the 
invention and áre embraced by the terre "min- 
75 eral acid" used in the claims. 



 hëRtiïei0ri f@géfi for he fiotatiOh of 
phosphates in the Ët dofientrating dlOerati0n 
may be mentioned fatty acids of both animal and 
vegetable origin and their soaps, fatty acids ob- 
tainëd from Wood by-products, the resin acids. 
nd thir Sokps, esters Of inorganic adids with 
high fiioiécui Wèigh aiiphatic alc0hols, etc. 
Ëxafiillês o posiçive-ion reagénts for the 
tàt0n Of ilïca in the second oncentrating oper- 
ation are le high moiecular weight aliphatic 
àiinès nd their saits, the rsin amines and 
ïr lts, èsrs omel between ttie high molec- 
uiar  weight aty acids and amino alcohols, etc. 
iii ëneal, however, preference is for the high 
mòlular weight frèe aliphatic amines, such s 
im0nòhxadecyl, n-inon0octadodecyl, and n- 
monooctàdéemyl aminès. 
0bvouslY, thë aniount of flotation reagents in 
either concentrating stop may be varied within 
wide limits. Good rësiilt may be achieved in 
fioating the phosphates by using 0.3 to 1.0 pounds 
of. 2{) per cent sodium hydroxide, 0.05 to 2 pounds 
of atty acids, 1 to 4 pounds of fuel off, all for 
éach ton of rend. 
In t}e second concei]trating operation, approx- 
.imatç!y 0.04 lounds of distillate or kerosene, 0.14 
to 0.16 pounds of positive-ion reagent, approxi- 
matelF 0.4 pounds of frother, pine off or the 
higher alcohols such as B-, plus 0.05 to 0.2 of 
-20 pe- cen sodium hydroxide, are sufficient 
amounts of silca flotation reagents for each ton 
o{ original feed. The amount of sodium hydrox- 
}de indcated above is usually sufficient fo bring 
the ïH of the pulp up to 7.4 fo 8.0. 
Ït is, of coin'se, understood by those skilled in 
thê art that suitable C0operating agents other 
than those mentioned above may be emic.loyed 
as effectively. A!so» i i t0 be understood that 
ome pf the substances .mentioned may hot only 
be substituted by others, but may be omitted 
alogether. 
Etrh'ple IV 
in m.dêr te further itlustrate the practical oper- 
ktion Of the invénti0n, comparative test rms will 
now be described On two sample portions of the 
saine phÒsphatic ed which hkd been screened 
over a 28 mesh screen. The fraction icassing 
h-rbhh the scren was washed and subjeted to 
hè flrst flotàion step to float a rougher phos- 
Phate oflceiitrate thCefrÙm. Before .flotation, 
a pulp o about 25 pr cent solids was made of 
hè Pï]ophatic food. in both samp!es the saine 
{/m0uhts of nëgatîve-ion reagents were employed 
fo ekch ton of-eëd, namely, 0.3 pounds sodium 
hydrbxde, 0. p0unds faty acid, 1.39 pounds fuel 
ï)il. - bth SaïnÏles of rougher phosphatic concen- 
tr. wêrë thêh mixed with 3.0 pounds of 95 per 
è't sulfuri aC per ton of rougher concentrates. 
fl Sï{ïñÏlWNO. i the mineral acid and phosphatic 
mterïal Wëre thoroughly agitated, the dead re- 
ahs decanted, and the phosphates thoroughly 
washed with water a.nd scrubbed by raki.ng. 
Sfñple No. 2 Was subjected to the mineral acid 
trë{tïnefi and subsequent washing in accordance 
witli hè priflciples of this invention; that is, 
rouh'er phosphatic concentrate vas mixed with 
'he aid and washed with water with a minimum 
Of aittio n. After the minerl acid and subse- 
iuëh wshing 0perations, both samptes of phos- 
hatè wre .treated with positive-ion reagents to 
-float the silica herefrom Sample No. 2, tïeated 
in ïccord-nce with this invention, was mixed 
wit, h 0.4 .p0unds .sodium hydroxide, 0.32 pounds 
of an amine reagent cómising a ïni.xtfii':e of the 

ïniinèS n-monohexdecyI, iimonooctadodyl, 
and ri-mono0ctadecemyI, the pli of the resultant 
mixture being 7.5. The miXturè was frothed arid 
tlie sflica floated. Thè amount of silica in the 
5 finished concentrate was 1.61 Per ceiit. The 
rougher phosphatic concentrate of sample No. 1, 
which had been thoroughly cleaned and scrubbed 
following the mineral acid treatment, as formed 
int0 a pulp of about 25 per cent solids and frothed 
]0 in the presence of about 0.32 pounds of octadècyl- 
amine acetate, thè pli of the solution bëing 6.8. 
The amount of silica remaining in the flnihed 
concentrate in this case was 4.46 per cent. 
In an0ther comparative test wherein two sain- 
15 ples were treated sïmflarly, as abové decribed, 
the amount Of silica reinaining in ttïe flnished 
concentrate treated in accordance with prior art 
methods was .86 per cent, whereas the silica con- 
tent in the flnished concéntrate obtaiied by fol- 
20 lowing thè principles of the inventioi was 2.02 
per cent. 
Whilè the invention has been desribed a 
directéd to the concentration of phosphate min- 
èrals from theh- ores, it is hot to be intended as 
25 being limited to the purification of phosphateS 
only. Other 0rës, suh as those Containing leïd, 
zinc, iron, or couper lninerals, or e-en coal, which 
are subjected to a froth-flotation process to 
more the silicèou impurities therefrom, fall 
3o within the scope of this invëntion. That is, the 
invention is applicable rb all cases in the art of 
froth-flotation whêrein the iliCeous impurities 
are to be floated efficiently, whitï effect may be 
achieved by activating the silica and rnaintainin 
5 if in àn active state, as hereinbove dëscribed. 
Obviously, many modifications and variatibns 
of thë invention, as hereinbèforè Sèt Ïorth, may 
be ruade without departing from the spirit afil 
cope thereof, and theref0re only such limitatibns 
40 stiould be imposèd a are indicatéd .in the 
pended claires. 
I Claire: 
1. In the process of treating mifleralbearing 
material by fl0tatio whereby thë sflicCu 
45 purifies incorporated therewith arë floatd, thL steps of mixing mineral hcid With said mineral- 
bearing materi-al to activate thWsilice0us impuki- 
ries, fiowin$ said mixture t0 a quïecent zonC 
tacting Said mixture with water diffuêd into 
50 zone whereby substantially all o the acïd 
rêm0ved, wihdraïVïng àid mifiëïàl-bëring 
terial from said zonC nd adding Silica floïtion 
reagnts thëret0 befor iy appreiàble agitation 
bas dest0yed he ïcid actiVati0n of thWsflica. 
55 2. [n the pr0ceSS o tï-ëàting mineralbearïng 
mateial by flotati0n whCeby the fliceouS irnpur- 
iMes ïnc0rpbratC thCewith are fl0ted, the StCs 
of mixing mineral ïid With 'ï.id ininëral-bearing 
material t0 activate the silicous impurities, floW- 
60 ing the mixture so formëd t0 a quiïcënt Zone, 
w.shing said material with Water diffused int0 
said zone t0 rernbve substantïaily Rli o aid acïd 
therefrom, withdrawing said ivashed, acid-treatëd, 
mineral-beaing materil frol-n said zone, adding 
65 positive-lori reagents to Said maerïl bef0re any 
appreciablWagitati0n bas dStïfoyed the acid ati- 
ration of thè silica, and float'mg the fliceou 
impuritieS af a ptt bêtwëen about 7.4 nd 8. 
3. Th proceSS Of cbh-cëfirïtirg phosphïtë 
ïO minerals from their rës, Which Ompres ak- 
ing a pulp of the bre oî  Sïze uitbie for flota- 
tion, ubjecting saïd pulp rb a bnntrating bpër- 
ation in the p=rCCc of R negatîve-ioï reagènt 
to separäté a rùghër phoSphic cbnbëitratë 
75 admixed ïvith a 4esser Ïrbofitïëfl bf iïik, nïîXifi 
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said phosphatic concentrate with minerai acid to 
destroy the effects of the negative-ion reagents 
and to activate the sflica, flowing the mixture of 
concentrate and acid to a quiescent zone, washing 
the acid-treated concentrate with water diffused 
into said zone te remove the spent reagents and 
substant2aIly alI of the acid from said concen- 
trate, and then subjecting the pulp of the phos- 
phatic concentrate belote any appreciable agita- 
tion bas destroyed the acid activation of the 
silica te a second concentrating operation in the 
presence of a positive-ion reagent to separate 
therefrom a greater proportion of silica, thereby 
producing a relatively pure phosphatic concen- 
trate. 
4. The process of concentrating phosphate 
minerals from their ores, which comprises mak- 
lng a pulp of the ore of a size suitabIe for flota- 
tion, subjecting said pulp te a concentrating 
operation in the presence of a negative-ion re- 
agent to separate a rougher phosphatic concen- 
trate admixed with a lesser proportion of silica, 
mixing said phosphatic concentrate with mineral 
acid to destroy the effects of the negative-ion 
reagents and to activate the silica, washing said 
concentrate with water diffused inte a quiescent 
zone to remove the spent reagents and substan- 
tiaLly all of the acid from said concentrate, re- 
moving said washed, acid-treated concentrate 
from said zone, and thon subjecting the pulp of 
the phosphatic concentrate belote any appre- 
ciabIe agitation bas destroyed the acid activation 
of the sflica to a second concentrating operation 
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in the presence of a positive-ion reagent ata pli 
of about between 7.4 and 8 te separate therefrom 
a greater proportion of silica, thereby producing 
a relatively pure phosphatic concentrate. 
5 5. In the process of treating mineral-bearing 
material by flotation whereby the siliceous ira- 
purifies incorporated therewith are floated, the 
steps of mixing mineral acid with said mineralm 
bearing material te activate the siliceous impuri- 
'Lo ries, flowing the mixture thus formed fo a quies- 
cent settling zone, withdrawing the settled con- 
centrate frein the bottera of said zone,, introduc- 
ing said concentrate into a quiescent washing 
zone, diffusing water into said zone to float sub- 
15 stantially all of the acid from said concentrate, 
removing the settled, washed concentrate from 
the bottera of said zone, and adding positive-ion 
reagents to the settled, washed concentrate be- 
lote any appreciable agitation has destroyed the 
O acid activation of the silica. 

WILLIA1V ARTHUR HODGES. 
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